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ABSTRACT
Background and Objectives: Biliary leakage through
the cystic duct stump due to clip dislodgement has been
a concern since the advent of the laparoscopic cholecys-
tectomy. The authors proposed a cadaveric model to test
the safety of cystic duct clipping in a hypertensive biliary
tract in healthy and cirrhotic livers.
Methods: Twenty fresh cadavers were studied (5 cir-
rhotic, 15 healthy). Open cholecystectomy was per-
formed and the cystic duct clipped with commercially
available titanium clips. The distal common bile duct was
catheterized to allow infusion of water and pressure
measurement.
Results: Increased pressure in the bile duct resulted in
back diffusion into the liver, preventing reaching high-
pressure levels. Only 1 clip was dislodged in this situa-
tion, in a cirrhotic liver with a large cystic duct. As a sec-
ond experiment, the hepatic hilum was clamped to allow
higher pressures of the biliary tree (500 mm Hg). In this
situation, no clip was dislodged.
Conclusions: We  have established the safety of cystic
duct clipping in healthy and cirrhotic livers; however,
bigger clips or alternative methods to seal the duct may
be necessary in larger ducts.
Key Words: Cholecystectomy, Laparoscopy, Cirrhosis,
Clip.
INTRODUCTION
Laparoscopic cholecystectomy (LC) is one of the most
performed operations in general surgery. Several meth-
ods have been developed to seal the cystic stump after
LC;1,2 however, metallic clips are usually the method
used. Clip dislodgment, although rare, has been a con-
cern since the advent of LC. 
Although some experiments to evaluate safety of cystic
duct clipping were previously carried out,3-5 a cadaveric
model has never been used and healthy livers have not
been compared with cirrhotic ones.
METHODS
Twenty fresh cadavers (death time less than 6 hours)
autopsied at the São Paulo Medical Examiner’s Office
were studied. Fifteen cadavers had a healthy liver (13
men, mean age 45.3), and 5 had a cirrhotic liver (4 men,
mean age 64.0 years). Victims of abdominal trauma or
those likely to have abdominal diseases (except cirrho-
sis) were excluded from the study.
Open cholecystectomy was performed and the cystic
duct was clipped with a single commercially available
titanium clip (LT-300, medium/large, Ethicon, Inc,
Cincinnati, OH) with the aid of a disposable clip applier
(10 mm, Ethicon, Inc, Cincinnati, OH), 1 cm distal to its
insertion in the common bile duct. Division of the cystic
duct was done close to the clip.
The distal common bile duct was catheterized with an
apparatus consisting of a t tube connected to a pressure
transducer and a syringe.
In the first part of the experiment, water was injected
into the biliary tree until clip dislodgment or infusion of
300 mL of water. Maximum pressure was recorded. In
the second part of the experiment, hepatic hilum was
clamped to allow higher pressures of the biliary tree.
Water was infused until clip dislodgement or the thresh-
old of 500 mm Hg of pressure.
RESULTS
In the first part of the experiment, increased pressure in
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the bile duct resulted in back diffusion of the water into
the liver (water enters the liver parenchyma, causes it to
swell, and leaks through the capsule) before sufficient
pressure within the bile duct caused a clip to dislodge.
Mean maximum pressures recorded were 70.3 mm Hg
(range, 20 to 200) for healthy livers and 68.5 (range, 40
to 112) mm Hg for cirrhotic livers (not statistically signif-
icant. P= 0.94, Student t test). 
In 1 cadaver with a cirrhotic liver, the clip was dislodged
at a pressure of 150 mm Hg. Although, the biliary tree
was normal in all cases, this cadaver had a larger cystic
duct than did the others (8 mm).
In the second part of the experiment, pressure reached
500 mm Hg in all cases and no clip was dislodged.
DISCUSSION
Clip dislodgement after LC is a reality, with several cases
being reported.6,7 An index of 0.1% to 2% of postopera-
tive bile leak through the cystic duct is estimated after LC
(Table 1).
Three previous reports3-5 evaluated experimentally the
safety of cystic duct clipping in a hypertensive biliary
tract. In an ex vivo model, clips applied to human gall-
bladder’s attached cystic ducts were not dislodged by
pressures lower than 300 mm Hg.3,4 In animal models,3-5
clips were also safely intact despite a high intraluminal
pressure. As far as we know, the use of a cadaveric
model and the comparison of normal and cirrhotic livers
are original to our study.
We tried to simulate in cadavers the same condition pres-
ent in vivo. Our first attempt mimicking a distal obstruc-
tion was to open the duodenum, suture the papilla,
record pressure, and inject bile collected from other
cadavers (to keep the same viscosity and density of bile)
by puncture. However, first, an uncontrollable leak
occurred in the puncture point requiring us to catheter-
ize the common bile duct; and, second, the large volume
of bile necessary to raise the pressure (300 mL) prevents
the use of bile.
The significance of the back diffusion of the water into
the liver is not known. We are not sure whether this
would apply or have any importance in the living state.
LC is increasingly being performed in cirrhotic patients.24
One would expect a higher index of clip dislodgment in
cirrhosis due to the lesser compliance of the cirrhotic
liver, allowing higher pressures in the biliary tract.
However, no cases of clip displacement occurred in cir-
rhotic patients, and the maximum pressures obtained in
our experiments were similar between healthy and cir-
rhotic livers.
Our experiment confirmed the safety of cystic duct clip-
ping in a cadaveric model. Clinical cases of clip dis-
lodgement may be influenced by other factors like necro-
sis of the cystic stump, misplacement of the clip, and
conduction injury.4,25 Bigger clips or alternative methods
to seal the duct may be necessary in larger ducts.
References:
1. Saha SK. Ligating the cystic duct in laparoscopy cholecys-
tectomy. Am J Surg. 2000;19(6):494-496.
2. Shamiyeh A, Schrenk P, Tulipan L, Vattay P, Bogner S,
Wayand W. A new bipolar feedback-controlled sealing system for
closure of the cystic duct and artery. Surg Endosc. 2002;16
(5):812-813.
3. Matthews BD, Pratt BL, Backus CL, et al. Effectiveness of the
ultrasonic coagulating shears, ligature vessel sealer, and surgical
clip application in biliary surgery: a comparative analysis. Am
Surg. 2001;67:901-906.
Table 1.
Incidence of Biliary Leakage Through Cystic Duct After
Laparoscopy Cholecystectomy, as Reported in the Literature
Author % Biliary Leakage
Chen et al8 0.07
Sefr et al9 0.08
Huang et al10 0.11
DeMar and Gruenberg11 0.16
Kaushik et al12 0.16
Miroshnik et al13 0.25
Wise Unger et al14 0.26
Bailey et al15 0.27
Nottle16 0.32
Chan et al17 0.33
Jan et al18 0.45
Kozarek et al19 0.50
Peters et al20 0.58
Tagle et al21 1.1
Adamsen et al22 1.5
Sugiyama et al23 2.06
Mean 0.51
mn 03-05-35 Herbella.qxp  7/22/06  3:53 PM  Page 24. Deans GT, Wilson MS, Brough WA. The ability of laparo-
scopic clips to withstand high intraluminal pressure. Arch Surg.
1995;130(4):439-441.
5. Klein RD, Jessup G, Ahari F, Connoly RJ, Schwaitzberg SD.
Comparison of titanium and absorbable polymeric surgical clips
for use in laparoscopic cholecystectomy. Surg Endosc. 1994;8
(7):753-758.
6. Hanazaki K, Igarashi J, Sodeyama H, Matsuda Y. Bile leak-
age resulting from clip displacement of the cystic duct stump: a
potential pitfall of laparoscopic cholecystectomy. Surg Endosc.
1999;13(2):168-171.
7. Isaac J, Tekant Y, Kum CK, Ngoi SS, Goh P. Endoscopic
sphincterotomy for the treatment of cystic duct leak following
laparoscopic cholecystectomy. Surg Laparosc Endosc. 1994;4(2):
125-127.
8. Chen X, Mao J, Wang S, et al. A two-year experience with
laparoscopic cholecystectomy – a report of 1475 cases from
Kunming, China. Ann Acad Med Singapore. 1995;24(2):312-35.
9. Sefr R, Ochmann J, Kozumplik L, Vrastyak J, Penka I. The
role of relaparoscopy in the management of bile leaks after
laparoscopic cholecystectomy. Int Surg. 1995;80(4):356-357.
10. Huang X, Feng Y, Huang Z. Complications of laparoscopic
cholecystectomy in China: an analysis of 39,238 cases. Chin Med
(Engl). 1997;110(9):704-706.
11. DeMar MA, Gruenberg JC. Complications of laparoscopic
cholecystectomy after hospital discharge. J Laparoendosc Surg.
1995;5(2):71-76.
12. Kaushik R, Sharma R, Batra R, Yadav TD, Attri AK, Kaushik
SP. Laparoscopic cholecystectomy: an Indian experience of 1233
cases. J Laparoendosc Adv Surg Tech A. 2002;12(1):21-25.
13. Miroshnik M, Saafan A, Koh S, et al. Biliary tract injury in
laparoscopic cholecystectomy: results of a single unity. Aust NZ
J Surg. 2002;72(12):867-870.
14. Wise Unger S, Glick GL, Landeros M. Cystic duct leak after
laparoscopic cholecystectomy. A multi-institutional study. Surg
Endosc. 1996;10(12):1189-1193.
15. Bailey RW, Zucker KA, Flowers JL, Scovill WA, Graham SM,
Imbembo AL. Laparoscopic cholecystectomy. Experience with
375 consecutive patients. Ann Surg. 1991;214(4):531-540.
JSLS(2004)8:155-157 157
16. Nottle PD. Percutaneous laparoscopic cholecystectomy:
indications, contraindications and complications. Aust N Z J Surg.
1992;62(3):188-192.
17. Chan AC, Chung SC, Lau JW, et al. Laparoscopic cholecys-
tectomy: results of first 300 cases in Hong Kong. J R Coll Surg
Edinb. 1994;39(1):26-30.
18. Jan YY, Chen HM, Wang CS, Chen MF. Biliary complications
during and after laparoscopic cholecystectomy. Hepatogastro-
enterology. 1997;44(14):370-375.
19. Kozarek R, Gannan R, Baerg R, Wagonfeld J, Ball T. Bile leak
after laparoscopic cholecystectomy. Diagnosis and therapeutic
application of endoscopic retrograde cholangiopancreatography.
Arch Intern Med. 1992;152(5):1040-1043.
20. Peters JH, Ollila D, Nichols KE, et al. Diagnosis and man-
agement of bile leaks following laparoscopic cholecystectomy.
Surg Laparosc Endosc. 1994;4(3):163-170.
21. Tagle FM, Lavergne J, Barkin JS, Unger SW. Laparoscopic
cholecystectomy in the elderly. Surg Endosc. 1997;11(6):636-68.
22. Adamsen S, Hansen OH, Funch-Jensen P, Schulze S, Stage
JG, Wara P. Bile duct injury during laparoscopic cholecystectomy:
a prospective nationwide series. J Am Coll Surg. 1997;184(6):571-
578.
23. Sugiyama M, Mori T, Atomi Y. Endoscopic nasobiliary
drainage for treating bile leak after laparoscopic cholecystecto-
my. Hepatogastroenterology. 1999;46(26):762-765.
24. Angrisani L, Lorenzo M, Corcione F, Vicentini R. Gallstones
in cirrhotic revisited by a laparoscopic view. J Laparoendosc Adv
Surg Tech A. 1997;7(4):213-220.
25. Woods MS, Shellito JL, Santoscoy GS, et al. Cystic duct leaks
in laparoscopy cholecystectomy. Am J Surg. 1994;168(6):560-563.
Acknowledgments: We would like to thank our autopsy techni-
cians: Alessandro Baccin, Alexandre Peniza, Argos Meirelles Jr.,
Cecilia F. Oliveira, Claudionor S. Moraes, Clodoaldo Queiros,
Danila N. Carvalho, Diego B. Vieira, Giseli Petit, Leandro M.
Marques, Luciana R. Silva, Marileni L. Nunes, Mauricio Tomita,
Raimundo J. Silva, and Roberto M. Cunha.
mn 03-05-35 Herbella.qxp  7/22/06  3:53 PM  Page 3